Introduction
The ability of Arcobacter to grow at lower temperatures (15-25 °C) and being aerotolerant makes it different from Campylobacter and other related taxa although they are phenotypically and morphologically similar (1) . The prevalence of Arcobacter in humans and animals can be determined more accurately with more sensitive techniques for their isolation and identification. Arcobacter species. particularly A. butzleri, A. skirrowii, and A. cryaerophilus, have been known to be of veterinary importance and can be isolated from farm animals, wild animals, and animal products (2) (3) (4) . Today they are gaining attention as emerging foodborne organisms (5) . In addition, Arcobacter can be transmitted to humans through close contact with pets (6) . Arcobacter butzleri is reported as one of the species isolated and found in 'traveler's disease' , a common disease that can affect those visiting developing countries and usually caused by consumption of contaminated food. It was reported that Arcobacter was isolated from major restaurants in Bangkok, Thailand, in 13% of samples and it was detected in 8% of diarrhea cases in Mexico, Guatemala, and India (7, 8) . The prevalence of Arcobacter infections in domestic animals varies in different parts of the world and various studies have shown that the highest prevalence is found in chicken meat, followed by pork and beef (9) . Regarding geographical distribution, the prevalence ranged from 77.8% in Italy to 22 .1% in Nigeria, 2.4% in Thailand, 12.9% in South Africa, and 1.2% in France (9) (10) (11) (12) (13) (14) . In Malaysia, Arcobacter was isolated from beef and milk at rates of 26.3% and 7.6%, respectively (2). Water has also been reported as a good medium for Arcobacter transmission and Arcobacter may be considered as a potential waterborne pathogen (15, 16) .
Apart from food animals, dogs and cats have also been shown to be carriers of this emerging pathogen across the globe (9, (17) (18) (19) (20) . In Malaysia, there is a lack of published studies on the presence of Arcobacter in pet animals. Arcobacter infection in animals may result commonly in mastitis, abortion, and diarrhea that is more persistent and watery than in Campylobacter jejuni infections; other clinical signs include nausea, fever, and abdominal pain (21, 22) .
The main objectives of this study were to determine the occurrence of Arcobacter in dogs and cats in Selangor, Malaysia, and to identify the risk factors associated with their occurrence.
Materials and methods

Collection of samples
Samples were collected after receiving due approval from the Institutional Animal Care and Use Committee of Universiti Putra Malaysia (AUP No.: R001 / 2013). The samples collected were from client-owned dogs and cats at a university veterinary hospital after seeking the consent of the owners, and from stray cats at an animal shelter and stray dogs at an animal pound. Each pet owner was requested to complete a questionnaire. A total of 101 rectal and buccal swabs each were aseptically collected from pet (n = 40) and stray (n = 61) dogs. Similarly, 86 rectal and buccal cavity swabs each were collected from stray (n = 46) and pet (n = 40) cats. Each swab was placed in a universal bottle containing 0.9% NaCl and appropriately labeled. All the samples were kept in a cool box containing ice and transported to the laboratory for culturing within 2-4 h of collection.
Risk factors
The factors investigated to assess their association with occurrence of Arcobacter in dogs and cats included age, breed, sex, single or multipet household, recent treatment with antibiotics, housing of the dogs and cats sampled, source of drinking water, and place of residence of the owner. The results were considered statistically significant at P ≤ 0.05 at a 95% confidence interval. The Pearson chisquare test and logistic regression statistics using SPSS 20.0 (IBM Corp, Armonk, NY, USA) were used to determine the association between risk factors and occurrence of Arcobacter based on the answers provided by the pet owners in the questionnaires.
Isolation and identification of Arcobacter species
Swab samples were vortexed and 1 mL was transferred into an Arcobacter broth (CM0965, Oxoid, Hampshire, UK) supplemented with cefoperazone, amphotericin, and teicoplanin (SR0174, Oxoid) and incubated under microaerobic conditions (BD Campy Pak, Becton, Dickinson & Company, Plymouth, UK) at 30 °C for 4 h. Plating of broth cultures was done according to the protocol described by Atabay and Corry (20) and Ridsdale et al. (23) with slight modification such that 5% defibrinated horse blood was used instead of 5% sheep blood. A cellulose acetate membrane filter with pore size of 0.65 µm and diameter of 47 mm was placed earlier on the surface of the blood agar plates (Blood Agar Base No. 2; CM0271, Oxoid), and 5-6 drops of each enriched culture were dispensed onto the membrane filter. Passive filtration was carried out by incubating the plates aerobically at 37 °C for 1 h and then each membrane filter was gently removed from the surface of the agar and the plate was incubated aerobically at 30 °C for 48 h. Initial identification of Arcobacter isolates was carried out based on colony morphology. Small, convex, smooth, white, whitish-gray, or transparent colonies were picked from each blood agar plate and examined for motility by hanging drop method for characteristic cork-screw motility and Gram staining to show gram-negative spiral-shaped organisms. Presumptive Arcobacter isolates were then subcultured on blood agar plates and incubated at 30 °C for 48 h. All presumptive Arcobacter isolates were further examined for species identification using biochemical tests, namely oxidase, catalase production, hippurate hydrolysis, and indoxyl acetate hydrolysis tests. Positive isolates were preserved in cryobeads at -20 °C.
Confirmation of isolates by multiplex polymerase chain reaction (mPCR) assay
Stock cultures of Arcobacter isolates were revived on blood agar. The extraction of DNA was conducted using a genomic DNA extraction kit (Promega, Madison, WI, USA). Amplification of 16S RNA species-specific genes for A. butzleri (CCUG 17812), A. cryaerophilus (CCUG 17801), and A. skirrowii (CCU 30483) was carried out using primers in appropriate cycling conditions as described by Houf et al. (24) . The primers used are shown in Table 1 . The reaction was performed in a reaction 
Results
Morphologically, all Arcobacter colonies were small, white to whitish gray, convex, smooth, and translucent on blood agar. Presumptive Arcobacter isolates were gram-negative and showed a characteristic "S" shape. In addition, the isolates exhibited corkscrew motility when viewed under phase contrast microscopy by hanging drop method prepared from the fresh cultures. Furthermore, all suspected Arcobacter isolates were positive for catalase, oxidase, and indoxyl acetate, and negative for hippurate hydrolysis tests. The isolates that were subjected to biochemical tests were confirmed as Arcobacter using mPCR assay (Figure 1 (8/46 ) each in the buccal cavity and rectum of stray cats, and in pet cats, it was isolated at 22.5% (9/40) from each. In stray dogs, Arcobacter was isolated from the rectum and buccal cavity at 22.9% (14/61) and 27.9% (17/61), respectively, while 25.0% (10/40) of Arcobacter in pet dogs was isolated from the rectum and 35.0% (14/40) from the buccal cavity (Figure 2 ). The differences in the rates of isolation of Arcobacter from the buccal cavity and the rectum were not statistically significant, although a higher carriage rate was observed in the buccal cavity than in the rectum. There was also no significant difference in the occurrence of Arcobacter in dogs among the various age groups, although the occurrence rate was higher in puppies (18.2%) than adults (16.7%) and (11.1%) juvenile dogs. Dogs that consumed raw meat and fish showed a significant difference (P = 0.053) in the occurrence of Arcobacter. The presence of other pets at home (P = 0.873) and predatory habits (P = 0.894) did not show significant difference. Antibiotic usage, sex, and housing of the pets also showed no significant difference in the occurrence of Arcobacter in dogs and cats; however, animals from town areas and those kept outdoors had higher occurrence rates. The type of household of the pets (P = 0.873) and water source (P = 0.873) also showed no significant difference in the occurrence of Arcobacter in dogs. As shown in Table  3 , Arcobacter occurrence in cats showed no significant difference among the different age categories; however, it was higher in juveniles (52.2%), followed by kittens (42.9%) and then adults (33.3%). Similarly, the presence of other pets at home, antibiotic usage, sex, housing, and contact with other animals showed no significant difference in occurrence of Arcobacter in cats, although cats kept outdoors and those in urban areas had higher occurrence rates. On the other hand, household type (P = 0.006) and water source (P = 0.027) showed significant difference in the occurrence of Arcobacter in cats (Table 3 ).
Discussion
Several studies have been conducted to determine the presence of Arcobacter in dogs, cats, and food animals globally. This study is the first to be conducted in Malaysia with regards to dogs and cats. The overall carriage of Arcobacter butzleri in dogs and cats was 54.4% and 39.5%, respectively. The only species identified in the study was A. butzleri. These findings are similar to the results of studies conducted worldwide. In southern Italy, it was reported that the prevalence of Arcobacter in cats was 78.8% (67/85); among the Arcobacter specimens isolated, 66 (77.6%) and 29 (34.1%) were A. butzleri and A. cryaerophilus, respectively, and of the 29 samples positive for A. cryaerophilus, 28 were also found to be positive for A. butzleri (9) . In Chile, the prevalence of Arcobacter species in the feces of dogs reported by Fernandez et al. (17) (25) , who reported the occurrence of Arcobacter in chicken meat in markets in parts of Selangor at 39% with A. butzleri being the most common species. The study also showed that Arcobacter was not isolated from broiler chickens on farms. Shah et al. (2) reported the prevalence of Arcobacter in adult and young cattle at 7.27% and 4.81%, respectively, and none in goats; the study also detected Arcobacter spp. from various sources, which included 26.7% on cattle house floor, 26.3% in beef, 11.1% in water, and 7.6% in milk. Molecular techniques for the confirmation of Arcobacter species are imperative due to differences in the isolation techniques that can affect the isolation of Arcobacter species. The simultaneous detection of different species may be suggestive of different sources of infection. The colonization of the oral cavity of dogs and cats by Arcobacter is of concern although its role in causing infection is not well recognized. Arcobacter is not routinely tested for in clinical samples compared to Salmonella and Campylobacter; hence, it may be underreported, particularly in foodborne disease outbreaks. The occurrence of Arcobacter in pets has potential public health implications and pets may transmit the organisms to humans through biting and licking and in the dissemination of the organisms in the environment.
